Arthrograms and operative findings of 19 patients with 26 congenital dislocations of the knee (CDK) were reviewed to clarify the pathologic features, methods of treatment, and the optimum treatment for the patient with multiple joint deformities. The fundamental pathologic features in CDK involved a shortening of the quadriceps femoris tendon, a tight anterior articular capsule, and hypoplasia of the suprapatellar bursa. Valgus deformity of the knee, which was observed in half of the patients, was caused by the fragility of the medial components of the knee. Ihis fragility was attributable to the forward displacement of the tibia1 insertion of the medial components. Arthrogram served as effective indicators when evaluating the pathologic features and determining the applicability of surgical therapy. There were limits to conservative thera p j that were dependent on the extent of the pathologic changes. In extremely refractory patients with arthrogryposis multiplex congenita (AMC), an elimination of genu recurvatum and an improved range of movement could be obtained b j the use of surgery. The valgus deformity was significantly reduced by invasive treatment that reinforced the fragile inner components. Experience with nine patients with multiple lower-limb joint deformities indicates that the knee dislocation should be treated before a n j of the other deformities.
Congenital dislocation of the knee joint (CDK) was first described by Chatelaine in 1822, as noted by Shattock.' It IS a rare disorder and often occurs together with arthrogryposis multiplex congenita (A'MC) or with Larsen's syndrome. Although these three disorders appear to be independent in origin. there are many similarities in their pathologic features with regard to CDK. They also commonly occur together with congenital dislocation of the hip (CDH), pes equinovarus, and talipes calcaneus. The following study reports on the pathology and treatment of CDK in isolated cases and those associated with musculoskeletal abnormalities.
MATERIALS A N D METHODS
A total of 19 patients with 26 CDKs were examined during the period from 1972 until 1990. These CDKs included 16 knees with dislocation. six knees with subluxation. and four knees with recurvatum ( Fig. I) . The patients included 12 (14 knees) with CDK isolated from musculoskeletal abnormalities. six (ten knees) with AMC, and one (two knees) with Larsen's syndrome. There were 13 girls and six boys. The age of the patients ranged from one day to eight years of age (14 patients were younger than one week old). Three refractory patients (four knees) witlh AMC were treated with surgery. whereas only conservative treatment was administered in the other patients. The follow-up period for the paticnls ranged from seven months to tcn years (mean. four years four months).
The pathologic features of CDK were studied using arthrograms ofthe knees and operative findings. The timing and method of treatment of this condition and the correct order of treatment for patients with multiple joint deformities in the lower limbs were also studied on the basis of the pathologic features. 
RESULTS
In the five refractory patients (ten knees), arthrography always showed defects of the suprapatellar bursa and adhesion of the anterosuperior articular capsular line to the patellofemoral articular surface ( Figs. 2 and 3) . Furthermore, at operation, a shortening of the quadriceps femoris tendon and the adhesion of it to the femur in the region of the suprapatellar bursa replaced by fibrofatty tis-sue was always seen. In other words, the basic findings in anterior knee dislocation were a shortening of the quadriceps femoris tendon, a tight anterior articular capsule, and hypoplasia of the suprapatellar bursa, as reported by Bell et al.' and Johnson et a1.6 Valgus deformity of the knee was observed in nine patients (14 knees). All of the cases of AMC showed a significant valgus deformity. The deformity seemed to be caused by the fragility of the medial components of the knee. This was attributable to the forward displacement of the medial hamstring and the tibia1 insertion of the medial collateral ligament in operative cases. This forward displacement of the medial components of the knee could also be observed from the lateral displacement of the articular capsular line in the arthrograms of patients with valgus deformity.
Hypoplasia or defects of the vastus lateralis and vastus medialis were observed in all three patients treated by surgery. In the two-year ten-month-old patient, as well as the sevenyear two-month-old patient, both meniscal hypoplasia and flattening of the femoral condylar surfaces were seen. These problems were not observed, however, in the fourmonth-old infant.
An elongation of the anterior cruciate ligament, as mentioned by Katz et al.,' was not observed. Lack of or elongation of this ligament may be a secondary change followed by the dislocation of the knee joint, as described by Bell et a/.,' Jacobsen and Vopalecky,5 and Johnson el a1.6
The other joint deformities in the lower limbs were CDH in nine cases (16 hips), pes CONSERVATIVE TREATMENT Conservative treatment was initiated immediately after birth in all patients. Flexion exercises of the knee joint were performed manually each day along with axial traction on the lower leg. The resulting corrected position was set using an aluminum flexion splint immobilization apparatus, and the flexion was gradually increased. Reductilon was generally accomplished in one to two weeks. When the passive flexion of the knee reached 90", the Riemenbugel apparatus (Arizono, Fukuoka City, Japan) was attached, and flexion was preserved while the knee was moved actively.
All cases of CDK isolated from musculoskeletal abnormalities were reduced by conservative treatment, and normal joint development occurred in all patients (1 3 knees) but one (one knee). That patient achieved only a limited flexion of 60" (Fig. 4 ). In contrast, such conservative treatment of the seven patients (12 knees) with AMC or Larsen's syndrome produced only a limited effect, and there was some residual !;ubluxation in all cases.
OPERATIVE TREATMENT
Operations were performed on three patients of AMC (four knees). The operative ages of the patients were four months, two years ten months, and seven years two months of age. In these patients, a significant hypoplasia of the suprapatellar bursa was seen on arthrography, and conservative treatment was unsuccessful. A lengthening of the shortened tendon of the quadriceps femoris and its separation from the fibrosed suprapatellar bursa, plus an incision of the anterior articular capsule, allowed reduction to be performed. The length of the quadriceps was adjusted by Z-plasty so that knee flexion as great as 60" could be achieved in consideration of postoperative extension lag.
One case (Case 2) was complicated by a significant valgus deformity of the knee; simultaneous posterior transposition of the tibial insertion of the medial collateral ligament, and a posteroinferior transposition of the pes anserinus were performed to reinforce the fragile medial structures of the knee joint (Fig. 5) .
A complete reduction was achieved for all four knees by means of surgery. The extent of flexion was more than the target 60" in all cases. A complete extension was achieved in the two older patients, but a 30" extension lag remained at two years of age in the child who had surgery at four months of age. In the patient treated for valgus deformity of the knee, the valgus deformity of the knee was reduced from 30" before operation to 10" postoperatively (Fig. 6 ).
DISCUSSION
The fundamental pathologic features in CDK involve a shortening of the quadriceps femoris tendon, a tight anterior articular capsule, and hypoplasia of the suprapatellar bursa. Approximately half of the cases are also complicated by a valgus deformity of the knee. The degree of hypoplasia of the suprapatellar bursa is assessed from the lateral image of arthrography, and the amount of tightening of the anterior articular capsule is assessed from the anteroposterior views of arthrography. The extent of anterior displacement of the tibia1 insertion of the medial collateral ligament and medial hamstring is assessed from the lateral displacement of the articular capsular line in the anteroposterior views of arthrography. As has also been noted by Laurence,' arthrograms are effective indicators for determining the applicability of surgical therapy and evaluating the potential prognosis.
The objective of conservative therapy is to manually stretch the quadriceps femoris tendon and anterior articular capsule. This should be started immediately after birth.
Hiranuma et aL4 recommend early reduction Fic. 6. Case 2. After operation at the age of four years. genu recurvatum is eliminated and the range of movement is 0"-100": the valgus deformity is 10" in the left knee. by early initiation of therapy to obtain normal joint development, because the delayed development of the anterior part of the distal femoral epiphysis is improved after early acquisition of a reduced position by conservative treatment.
All patients with CDK isolated from musculoskeletal abnormalities had normal joint development in the follow-up sludies, except for one patient. There are limits to conservative therapy, however, that are dependent on the extent of the pathologic changes. Specifically, a complete reduction could not be obtained in any of the patients with A M C and Larsen's syndrome, even when conservative therapy was begun immediately after birth. During the follow-up treatment, subluxation developed in these patients. A n elimination of genu recurvatum and an improved range of movement can be obtained by the use of surgery, even in extremely refractory cases (such as patients with AMC).
Curtis and Fisher' reported no improvement of valgus deformity after surgery, even in patients who specifically were treated with surgery for this complication. The current authors used posteroinferior traiisposition of the pes anserinus and posterior transposition Clinical Orthopaedics and Related Research of the tibia1 insertion of the medial collateral ligament to reinforce the fragile medial structures of the knee joint. A decrease in valgus deformity and improvement of walking can be obtained by this method. One should not stop at conservative therapy but should explore also the possibility of appropriate surgical treatment considering the pathologic features.
Ferris and Aichroth3 and Johnson et aL6 recommend surgical treatment before two years of age. In the authors' operative case, a flattening of both femoral condyles had already occurred in the 34-month-old patient, resulting in a residual valgus deformity after surgery. The seven-year-two-month-old patient showed degeneration of the medial meniscus, shortening ofthe posterior cruciate ligament, and a tightening of the posterior articular capsule. It was difficult to simply produce flexion by sliding of the tibia in this patient. In contrast, none of these secondary changes were observed in the four-month-old patient, and a reduction could be easily achieved. The optimum time for surgery is approximately one year after birth and before commencement of walking.
The order of treatment becomes a problem in the patient with multiple joint deformities of the lower limb, such as CDH and pes equinovarus. The optimum treatment order needs to be further investigated. One should begin by treating the knee. This is because the hamstrings are under continuous tension while the knee remains dislocated, and the femoral head is pulled superiorly and laterally as a result of the action of the bijoint muscles of the hamstrings on the hip joint. A good hip position cannot be maintained as long as the knee cannot be sufficiently flexed, even when the hip joint has been temporarily reduced. The femoral head will be pulled laterally by the continuous tension of the hamstrings and subluxation will occur. It is also difficult to correct the pes equinovarus deformity of the foot caused by tension on the gastrocnemius when the knee cannot be flexed sufficiently. A good walking capacity cannot be obtained with the knee in a subluxed condition even when the hip joint and foot are treated first, as was seen in Case 2. Thus, a reduction of the knee joint first is considered to be essential for producing the correct alignment of the lower limb.
